cell stage (Sulston et al., 1983). A maternally contributed transcription factor, SKN-1, is required to specify the identity of EMS; in skn-1 mutants, EMS adopts a fate reminiscent of that of its sister, P 2 , which produces ectoderm and muscle (Bowerman et al., 1992 , 1999). Paradoxically, the EMS cell in the four-cell C. elegans embryo. We while the anterior daughter of P 2 , the C cell, like EMS, report that the MED-1 and -2 GATA factors specify contains significant levels of SKN-1 and no PIE-1 prothe entire fate of EMS, which otherwise produces two tein, it nonetheless does not produce mesendoderm.
eage. In embryos depleted of med function, MS and E cell fate. Two nearly identical GATA factors, encoded by the med-1 X and med-2 III genes (med, mesendoderm generate epidermis and body wall muscle, similar to a normal C cell, instead of their normal mesendodermal specification) fulfilled this prediction (see below). Though on different chromosomes, these genes are nearly idenderivatives. While the activity of several maternal genes limits med expression to the EMS lineage, misexprestical over a ‫3.1ف‬ kbp region, suggesting they arose by a recent duplication (Figure 2A ). Their structures predict sion of med-1 is sufficient to convert non-EMS blastomeres into mesendodermal precursors. SKN-1 binds diintronless transcription units that are 98% identical. The upstream and downstream regions are slightly more rectly to the med-1 promoter and is sufficient to activate the med genes wherever it is expressed in early somatic divergent, with about 90% identity. Each gene encodes a 174 amino acid predicted protein containing a single blastomeres, with one notable exception: SKN-1-dependent activation of the MEDs, and acquisition of EMS CXNC-X 18 -CNXC zinc finger and basic domain characteristic of GATA-type transcription factors (Figures 2B fate in the C cell are blocked by SGG-1, a GSK-3␤ kinase homolog. These results demonstrate a dual role for and 2C). The high degree of similarity of their coding and flanking sequences suggests that med-1 and med-2 SGG-1 in repression and activation of the mesendoderm; while SGG-1 is required positively for the Wntmay be functionally redundant. mediated activation of endoderm in the EMS lineage, it is an inhibitor of mesendoderm in the C lineage, explaining Loss of med Gene Function Results how C development can occur in a cell containing SKN-1 in Transformations in MS and E and lacking PIE-1.
Fates Resembling Loss of skn-1
We assessed the role of med-1 and med-2 by RNAmediated interference (RNAi; Fire et al., 1998). The simiResults larity between med-1 and med-2 enabled us to target both genes with a single double-stranded RNA species med-1 and med-2 Encode Nearly Identical GATA Factors (see Experimental Procedures). For simplicity, we will hereafter refer to arrested med-1(RNAi); med-2(RNAi) Of the five somatic "founder cells" (AB, MS, E, C, and D) born during the early asymmetric cleavages in C.
embryos as med-1,2(RNAi) or med mutant embryos. med mutants arrest as well-developed partially elonelegans, only one, the E cell, is known to be completely specified by a zygotic gene or genes. Two neighboring gated embryos containing a truncated pharynx ( Figure  3B ): only the anterior pharynx is detected in med mugenes, end-1 and end-3, encode GATA-type transcription factors redundantly required for specification of the tants, based on morphology and expression of molecular markers ( Figures 3C and 3D) . Moreover, glp-1(RNAi); relatively simple E lineage (Zhu et al., 1997; our unpublished observations). The apparent neomorphic activity med-1,2(RNAi) embryos lack pharynx entirely (Table 1 and data not shown), confirming that the pharynx in med of an unusual end-3 mutation that inappropriately activates MS development in the E lineage (our unpublished mutant embryos is solely AB derived and consistent with a complete absence of MS-derived pharynx. observations) led us to propose that there may be a GATA factor normally required to specify the MS founder med embryos lack not only MS-derived pharynx but probably all cell types normally produced by this founder While all med mutant embryos lack MS-derived tissues, ‫%05ف‬ of arrested embryos also lack a differenticell. Though MS and P 2 both generate body muscles (Sulston et al. 1983 ), the muscle arising from each can ated intestine (Table 1; Figures 3G and 3H) , which derives exclusively from the E founder cell (Sulston et al., be distinguished based on their mechanism of specification. P 2 -derived muscle requires maternal expression of 1983; Figure 1 ). Embryos lacking maternal SKN-1 show a similar defect: although nearly all skn-1(zu67) mutants the CAUDAL-like PAL-1 transcription factor (Hunter and Kenyon, 1996), whereas that from MS does not. In pal-1 fail to make MS-derived tissues, 80% do not make intestine (Bowerman et al., 1992). We examined whether two mutant embryos, body muscles are specifically missing from the posterior of the embryo, reflecting the loss of other properties of the E lineage that are abnormal in skn-1 mutants are also affected in med mutants: gastru-P 2 -derived, and continued production of MS-derived, muscle (Hunter and Kenyon, 1996 shown), confirming the defects in endoderm develisolated med mutant MS blastomeres generated epidermal cells, consistent with the proportion of unoperated opment.
In addition to the defects in differentiation of MS-and embryos that showed a med phenotype. Moreover, production of muscles from MS in med mutant embryos, E-derived tissues, med embryos often contain internal cuticle-lined cavities similar to those observed in skn-1 like those from a wild-type C cell, is PAL-1 dependent (data not shown). In similar experiments, we observed mutants, suggesting that MS and E have adopted the fate of the C cell, which generates cuticle-secreting epiepidermal and muscle cells arising from a small number of isolated med mutant E cells (data not shown). We dermis (Bowerman et al., 1992). To test directly whether MS adopts a C-like fate in med mutant embryos, we conclude that, like skn-1 mutants (Bowerman et al., 1992), MS and E can both adopt a C-like fate in med analyzed the differentiated cell types produced when MS is isolated by laser ablation of all other cells. As mutant embryos, with the only notable difference being that MS (and presumably E; Lin et al., 1995), retain the shown in Table 2 , while an isolated wild-type C blastomere always produced epidermis, an isolated MS cell ability to induce secondary mesoderm, including anterior pharynx, in AB descendants (see Discussion). never did. In contrast, approximately half (5/9) of the 
med-1 Expression Is Sufficient to Convert Non-EMS throughout early embryos under the control of a heat shock promoter (Stringham et al., 1992). We found that Blastomeres into Mesendodermal Precursors
To assess whether med-1 can reprogram non-EMS linsuch embryos arrest with large numbers of pharynx muscles occupying up to ‫,%03ف‬ and gut cells occueages into mesendoderm, we expressed it ubiquitously (Figures 4C-4H ; data not shown). A med-2 reporter gives a similar exlar embryos expressing med-1 ubiquitously generally differentiated large amounts of these tissues (Table 1) (Figure 1; Bowerman et al., 1993) . SKN-1 is not active Based on translational fusion reporter constructs, med-1 expression is first detectable in EMS at the sixin P 2 , because the nucleus of P 2 is kept transcriptionally silent by maternal PIE-1 (Seydoux et al., 1996); thus, at the four-cell stage, SKN-1 activity is present specifically in EMS, where med expression is first detected. We found that med-1 expression and function correlate with SKN-1 activity when SKN-1 is inappropriately activated in non-EMS lineages. In several maternal mutants that show ectopic SKN-1 activity, we observed a corresponding ectopic expression of med-1 ( Figures  4I-4L) . Moreover, the meds are required for production of ectopic MS-and E-like cells in these mutants (Table  1 ; Figures 3M-3P) . We also found that ubiquitous zygotic expression of SKN-1 from a heat shock-driven hs-skn-1 transgene causes widespread expression of both med reporters ( Figure 4P ; data not shown), suggesting that high SKN-1 levels are sufficient to activate the meds. Conversely, expression of both med reporters is blocked in skn-1 and pos-1 mutant embryos ( Figure 4O ; data not shown), consistent with an essential function for both in activation of zygotic med expression. We further explored the possibility that the meds are intimately required for specification of E and MS fates in any context by examining the requirement for the meds when E and MS fates are inappropriately apportioned within the EMS lineage. As expected, the meds are essential to specify the fates of the EMS daughters when both are transformed to E-like cells or both to MS-like cells, as the result of mutations in Wnt/MAPK pathway components (Table 1) ; med expression is unaffected under these conditions ( Figures 4M and 4N) . We conclude that the meds are activated by, and function downstream of, SKN-1 in the EMS lineage and are essential to specify E and MS fates in any context.
med-1 Is Directly Activated by Maternal SKN-1
The dependence of med-1,2 expression on SKN-1 activity prompted us to look for evidence of a direct interaction between SKN-1 and the med-1 promoter. A group of six SKN-1 consensus binding sites (Blackwell et al., 1994) is present in two overlapping clusters in the promoters of both med-1 and med-2 (Figures 2A and 5B) . We tested the in vivo and in vitro function of these sites ., 1999) . Paradoxically, however, while E frequently fails to make endoderm, the C cell often an EMS-like, rather than an E-like fate in sgg-1(RNAi) embryos. The nucleus of Cp, the posterior daughter of C, contains lower POP-1 levels than its anterior sister, med-1,2 Act at the Convergence of SKN-1 Ca, analogous to the lower levels in E vs. MS (Lin et al.,
and POS-1 Activities 1998). We therefore predicted that in sgg-1 mutants, skn-1, pos-1, and med-1,2 mutant embryos show many only Cp might adopt an E-like fate. Indeed, expression similarities with regard to EMS defects: MS and E fail of an E-lineage marker, end-1::GFP, is seen only in Cp to produce their normal cell types and instead produce descendants in sgg-1(RNAi) (data not shown). However, cells normally made by the C blastomere (Bowerman et Ca does not appear to adopt an MS-like fate in these al., 1992; Tabara et al., 1999). As neither skn-1 nor pos-1 mutants, since pharynx was not produced when P 2 (the mutant embryos express med-1,2, which are direct tarmother of C) was isolated in sgg-1(Ϫ) embryos (Table  gets of 
